Various physical and biO<logical factors affecting annual pro-\ duotivity in a Red-tailed Hawk population in north-central Oregon were investigated. The percentage of the population successfully fledging one or more young was the most important faetor in determining the number of young fledged per pair in a given year. Neither clutch size 2 nor the number of young fledged per successful nest varied signifioantly. Percent pair success was correlated with several January weather variables. A cold and dry January 1s positively correlated with Red-tailed Hawk productivity. This is apparently related to the onset of rapid vegetative growtht and this in turn is positively correlated with the timing of the emergence and reproductive cycle of the principal prey, Belding•e and Townsend's ground squirrels, (Turner 19?2). Because a cold and dry January delays the emergence of ground squirrels, the period of emergence and dispersal of the young squirrels more closely corresponds to the t illle of peak food needs of the young Red-tailed Hawks, and greater pair success is observed. This relative abundance of prey appears to be of greater btportance than actual abundance.
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Red-tailed Hawk productivity was found to correlate significantly with two habitat variables& the presence of ad~quate numbers 'of dispersed hunting perches and relative ground squirrel abundance. The presence of one or more perches per sixteenth section provided the best single correlation. Neither territory aize nor competition from interspeoifically territorial Swa.inson's Hawks were correlated with prod.UCtivity of Red-tailed Hawk territories. Red-tailed Hawks with inhabited Both annual and interpair variation have been observed and have been attibuted to a number of factors. Review papers pertaining to clutch sime and certain other aspects of productivity are presented by La.ck (1947 La.ck ( , 1948 , Klomp (1970) , and Hussell (19?2).
Little work has been conducted on variation in productivity of raptors. Because raptors are relatively long-lived species, they have the evolutionary option of varying reproductive effort more than shortlived passerines. This flexibility can present a greater source of variation in productivity and may permit a closer correlation of productivity with the prevailing environmental conditions. Raptors also occupy a position high on the food chain. If raptors are energy-limited, their position would make them comparatively sensitive to variability in their food supply. Therefore, energetic factors influencing productivity may be more easily discerned. The few studies that have investigated this problem in detail within a raptor population include Cave (1968) with the Kestrel (Falco tinnunculus) and Southern (1970) with the Tawny Owl (Strix aluco).
Significant annual variation in raptor productivity has been noted in several studies (Cave 1968, Fitch et al., 19461 Houston 19?5i Lack 194?, 19481 Mcinvaille and Keith 1974; Mebs 1964s Pitelka et al., 1955 Schmaus 1938; Southern 1970; Tubbs 1967; USDI 1979 ). In contrast, other studies have found no apparent variation (Picozzi and Wier 19741 Smith and Murphy 1973) . Several factors, particularly food abundance, appear to be important. Food abundance has been observed to operate at various stages in the reproducti'V'e cycle. It has been correlated with non-breeding (Houston 1975; Pitelka et al. 1955; Southern 1970) , clutch size (Cave 1968; Houston 1975; Lack 1947 Lack , 1948 Mcinvaille and Keith 1974; Mebs 1964 , Schmaus 1938 Southern 1970) , nest desertion (Cave 1968; Southern 1970) , and loss of young (La.ck 1947 (La.ck , 1948 Mebs 1964; Schmaus 1938; Southern· 1970) . Weather has been correlated with productivity, but except for the study of Mcinvaille and Keith (1974) in which nestlings were killed directly by inclement we~ther, this relationship has been only indirectly related to product~vi\y through the impairment of the hunting ability of the parents (Cave 1968; Southern 1959 Southern , 1970 . .Annual variations in productivity have also been ascribed to population density (Cave 1968), laying date (Cave 1968), and predation (Fitch et al., 1946; Hagar 195?1 Mcinvaille and Keith 1974) .
Variations in interpair productivity have been less studied. Southern (1970) inferred that the age of the birds -at least of the male, which does most of the hunting -may be correlated with productivity. The time of laying (Cave 1968), habitat at a general level- ( Southern 19?0; Olendorff and Stoddart 19?4; Picozzi and Wier 1974) , and competition through density (Southern 1970) have also been cor- Odum and Kuenzler ( 1955) . A "regularly occupied" area is defined as an area for which there is more than one observation. This definition includes areas for which no active defense was noted (resulting for the most part from a lack of intruders). Pairs existed that shared no boundary with another Buteo, and whose area, therefore, could not be considered defended.
All observations were re.corded on field maps as a flight line and/or perching. Date, time, individual, and incidence of territorial defense were noted, These field maps were then compiled to delimit territory boundaries. Territories were thAn used as they existed after to survive until fledging. This is based on my experience that no mortality other than attributable to man has been observed among nestlings between three weeks of age and fledging in any of the approximately 50 nests followed through fledging on or adjacent to the study a.rea. Age of the young was estimated, and any prey remains were noted at this time. Laying date was calculated assuming a 32-day incubation period (Luttich et al., 1971 ), If the nest was undefended, it was examined to note any evidence of eggs or young that would aid in determining the time and cause of failure. A pair was considered successful if it fledged one or more young.
Little information was gained regarding average clutch size because of the caution exercised in the nest vicinity. A measure was attempted using unhatched eggs found plus young observed, The resulting measure of clutch size is necessarily a minimum because of the potential disappearance of eggs or young prior to the nest visit.
Another productivity measure was that of territory productivity.
This figure is the average productivity for a given territory during the period of the study. Territories are used as opposed to pairs, as not all territories were occupied continuously. Territory occupancy is as much a pa.rt of the measure of a territory's quality as the number of young fledged. However, because of the incomplete data for many of the territories and the great variance in annual productivity, a compensating figure was needed. Territory productivity was measured by sub-tracting the annual average territory productivity for a given year from an individual territory's productivity. This is done for .each
year there is data for a territory. A~ average is then calculated from the resulting differences. This average difference is the average number of young fledged above or below the seven-year average.
The corrected territory productivity is this difference added to the seven-year average territory productivity.
7 Food habits were determined from observed captures and by prey remains found at the nest site. Prey weights were determined from specimens captured on the study area, museUJll specimens, and the literature.
Climatological data used to test the possible effects of weather The number 174 was select~ by using half the ntaxim~ reached by the first eight weeks of the warmest year. Ground squirrels have emerged 8 from hibernation by the end of February even in the coldest of winters.
All variables were tested against annual productivity and ites component parts through silftple linear regression and step-wise multiple linear regression. Annual productivity and its component parts were first tested for significant annual variation by one-way analysis of variance. Component parts of annual productivity were also tested against annual productivity by means of correlation. The level of significance for all tests here and following is set at the 95% conf idenoe interval.
Habitat composition was determined by dividing the study area into 768 sixteenth sections baaed on township and section boundaries.
Parameters measured within each sixteenth section inclt.de the number of junipers in each of three height classes (<2m, 2-511, <.511), the number of utility poles and poplars, the dominant plant species, topography, and the presence or absence of the followings Belding's ground squir-rels (Spermophilus beldingi), Townsend's ground squirrels (Spermophilus townsend11), springs, streams, inhabited dwellings, and cliffs.
Topography was measured by counting the number of contour lines crossed by a circle inscribed within each sixteenth section. USGS topographic maps were used with a contour interval of 6.1m. In addition to noting the presence of Belding's and Townsend's ground squirrels, abundance was rated on a scale of one to five based on the number observed and the area covered by the colony within the sixteenth section.
For each Red-tailed Hawk territory, the sixteenth sections that most closely conformed to the actual territory boundaries were used to derive habitat measures. The variables selected pertain to suitability for Red-tailed Hawk foraging, prey presence a.nd abundance, nest sites, and human presence.
Variables affecting suitability of a territory for foraging include hunting perches, topography, and vegetative structure. A number of variables involving density and dispersion of hunting perches and topography were derived to test the importance of these features.
Perches were defined as junipers greater than 2m tall, utility poles, and poplars. Topography was assessed using both the average and percentage of a territory (sixteenth sect ions) with greater than 61m (ten contour lines) elevational difference. The measures involving dispersion were derived as follows. A sixteenth section was considered adequate for efficient foraging under several conditions involving minimum perch densities. The minimum densities include one, three, five, .
seven, and ten perches. Other measures, adding the presence of cliffs and elevationa.l differences, were developed. For example, a sixteenth section was considered huntable if it contained either the required number of perches or either a cliff or an elevationa.l difference equal to or greater than 61m.
Vegetative structure was also tested with respect to Bed-tailed Hawk territory productivity. A high density of shrubs or trees could potentially interfere with the observation and capture of prey. The percentage of a territory that was dominated by shrub or tree species was tested against territory productivity.
Several variables regarding prey presence and abundance were tested. These include the. number of sixteenth sections with either
Belding's or Townsend's ground squirrel colonies or both, the relative abundance of ground squirrels, the a.mount of surface water, and the abundance of wheat.
The availability of nest sites was also tested against territory productivity. Junipers greater than .5m tall, poplars, and cliffs were considered potential nest sites. Utility poles, though used as nest sites, were not considered as they are inferior to other nest sites and produce significantly less young (Janes, unpublished data). To test the effect of continual human presence on Red-tailed Hawk productivity, territories were separated into two classesa those with inhabited dwellings and those without.
The statistical tests used with respect to the above included both simple linear regression and step-wise multiple linear regression.
To test the relationship involving hwnan presence, the t-test was used.
Only the 22 territories with three or more years of productivity data were used in the analyses. All figures in percentage form were arcsine converted.
Interpair competition among Red-tailed Hawks was tested on the ba.sis of territory size. Territory size was determined by cutting and weighing territory representations traced from the territory maps.
The method of determining territory boundaries is described above.
These results were then tested against territory productivity by simple linear regression.
The effects of interspecies competition were also tested. Upon determination that Red-tailed Hawks and Swainson's Hawks were interspecifically territorial, .Red-tailed Hawk territories were divided into two groupsa those with contended boundaries and those with none.
Differences in the territory productivity means for each group were then tested by the t-test.
CHAPI'ER III

RESULTS
The major portion or all of 31 Red-tailed Hawk territories existed on the study area. Although percent pair success, clutch size, and young fledged per success were significantly correlated with annual productivity, percent pair success was the best predictor of annual productivity. Percent pair success alone contributed to 95% ( p < .01) of the variability.
Clutch size and young fledged per success accounted for 7~ (p<.01) and 59% ( p <·05) respectively of the variability in annual productivity.
However, neither clutch size nor young fledged per success varied sig-
nificantly from year to year.
No weather variables were found that si~nificantly correlated with annual productivity ( .169 " of territory with J or aore perches .176
.012
" of territory with 5 or aore perches .178 .012
" of territory with ? or aore perches .099 .011 " of territory with 10 or aore perches .1o6 .011 " of territory with 1 or aore perches or a cliff .)42** .022 .137
" of territory with J or aore perchea or a cliff .179 .012
" of territory with 5 or aore perches or a cliff .150 .011
" of territory with ? or aore perches or a cU!'f .073 .009 " of territory with 10 or aore perches or a cliff " of territory with J or aore perches .087 .010 or a cliff or aore than 61a elevation difference .08.5
.009
" of territory with 5 or aore perches or a cliff or aore than 61a elevation difference " of territory with 7 or aore perches .069
.ooa or a cliff or aore than 61a elevation difference .013
.o04
" of territory with 10 or aore perches or a cliff or aore then 61a Hawks and those that did not.
CHAPl'ER IV
DISCUSSION
The principal factor determining annuaf productivity is the percenta.ge of pairs that are able to successfully fledge young. .Neither clutch size nor survival of nestlings appear to be significant. All significant correlations between percent pair success and various weather parameters involve January of the immediate year. If some event in January is responsible for percent pair success, it rules out direct effects upon the Red-tailed Hawk since they winter to the south. This suggests that the significant factor has something to do with the onset of the immediate growing season, most likely the availability of prey.
The ellergence of the principal prey, the Belding's ground squir-' rel, from hibernation varies frOl'll year to year (Costain 19?7s Morton ., and Sherman 19?8; Turner 19?2) . In the Sierra's of California enaergence has been observed to vary as much as six weeks (Morton and Sherman 1978) . This is at least. loosely correlated with weather and aore directly related to the appearance of sufficient forage (Costain 19??1 Morton and Sherman 19?8r Turner 1972) . Belding's ground squirrels in Oregon have been observed to emerge anyti.Jle from the third week in I January to April (Costain 19??) and possibly even June (Turner 1972) ) depending on the location and elevation. Antelope is near the lower. elevation range of the Belding•s ground squirrel, and the squirrels emerge quite early. Backdating from the emergence of young and from observations of landowners, the Antelope populations at least occasionally emerge as early as late January and as late as the end of February.
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The reproductive cycle in the Belding' s ground squirrel is timed frOJl the point of emergence from hibernation (Turner 1972) . Therefore, in a year where the beginning of rapid vegetative growth begins earlier, the Belding's ground squirrel would be expected to emerge earlier. By emerging earlier, this would advance their reproductive cycle.
The question now becomes one of explaining what conditions lead to the beginning of rapid vegetative growth. The principal forage for Belding'& ground squirrels is succulent vegetation (Costain 1977J Tur-1ner 1972 . In the Antelope area this is most commonly winter annuals, primarily cheatgrass, or the perennial alfalfa. Winter annuals in general and cheatgrass in particular germinate with the beginning of the fall rains in September and October (Harris 1967) . During the fall most of the growth is directed. to the developing root system (Harris 1967) . With the onset of cold weather, growth slows (Harris 1967) .
Warming late in the winter and early spring triggers rapid vegetative growth (Harris 196?) . Cheatgrass is also sensitive to precipitation, and growth is 11.ntited by dry, cold spring weather (Harris 1967 ). In the Antelope area the beginning of rapid vegetative growth begins in late January or February. Alfalfa, too, begins vegetative growth with the onset of warmer weather. Therefore, a cold, dry January would be expected to delay the emergence of Belding's ground squirrels. This also helps explain why 1 ?4 degree date is more olosely related to Red-tailed Hawk productivity than January average temperature. Plants presumably only grow appreciably when the temperature is above freezing. In this respect January average temperature is not the best measure of growing condit.ions. A day averaging O°F and one of 20°F may· be the same to the plants in terms of growth. Also, the period of January does not necessarily emcompass the entire period of importance.
To relate this to Red-tailed Hawk productivity, it is necessary to examine their reproductive chronology and compare it to that of the Belding's ground squirrel (Figure 1) . The date of the initiation of incubation does not appear to vary significantly. Therefore, the relative timing of breeding between Red-tailed Hawks and Belding's ground squirrels varies from year to year apparently in accordance with January and early February weather.
The period of greateet Belding's ground squirrel abundance and vulnerability to avian predators is during the emergence and dispersal of the numerous and inexperienced young. With a cold, dry spring and a delayed reproductive cycle, the period of high abundance and vulnerability occurs in May, May is the beginning of the period of the greatest food need in Red-tailed Hawks in any year. Young hatch about the first of May, and between the third week and· fledging energetic demands upon the parents are greatest ( Olendorff 1974) . In this case the peaks of Belding's ground squirrel abundance and vulnerability coincides closely with the needs of the Red-tailed Hawk. These are also years with high percent pair success and as a result high annual productivity.
In a year where the 174 degree date is early and above normal precipitation has occurred, the ground squirrel season is expected to Belding's ground squirrel obtained from Turner (1972 (Turner 1972) . As such they are no longer as susceptible to predation (Craighead and Craighead 1956 ).
These are also years when Red-tailed Hawk pair success is below average.
The degree to which peak needs in the Red-tailed Hawk and peak availability in the Belding's ground squirrel coincide appear to largely determine pair success. This has less to do with actual prey abundance than relative prey abundance. In fact, if emergence time is delayed significantly (normally benefitting Red-tailed Hawks in terms of productivity). higher mortality has been found to occur in Belding's ground squirrels (Morton and Sherman 1978) . This is caused by starvation through the depletion of stored fat reserves in the Belding's ground squirrels. If actual prey abundance was the principal factor determining Red-tailed Hawk productivity, then one might expect the slope of the correlation to be reversed. Another point suggesting the lack of importance of actual prey abundance stems from the lack of correlation between Red-tailed Hawk productivity and weather of the previous growing season. Costain (1977) suggested that Belding's ground squirrel productivity is related to spring weather. These results may shed some light on the studies of Mcinvaille and Keith (1974) and USDI (1979) where Red-tailed Hawk productivity did not correlate well with 31 ground squirrel numbers though they constituted a major source of prey.
The year of 1979 was a year where a marked reduction in actual prey abundance probably had a significant impact upon Red-tailed Hawk productivity. Part of the reduction in Belding' s ground squirrel numbers may be attributed to an extremely cold January and, therefore, delayed onset of rapid vegetative growth and higher ground squirrel mortality. In addition, when the warm-up began in February, it occurred suddenly, and the accumulated snow melted rapidly. There was extensive flooding of many of the Belding's ground squirrel colonies undoubtedly causing greater than normal mortality (Turner 1972) . Both these events worked to create an unusual prey situation. In this case, the importance of actual prey abundance apparently had a much greater impact upon Red-tailed Hawk productivity than normal. the Antelope area where snow cover is rare, and the ground is more susceptible to sub-freezing weather.
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In other prey, multi-littered prey species such as lagomorphs and microtines may breed earlier in response to an advanced spring.
By breeding earlier they may produce more litters and therefore more offspring. This potential increase would work counter to the pattern described above where delayed green-up benefits Red-tailed Hawk productivity. LagomorJiis and microtines are a comparatively minor prey source in this population.
Habitat also affects Red-tailed Hawk productivity. The combination of ground squirrel density and a minimum number of perches adequately dispersed throughout a territory appears to significantly affect a pair's reproductive success. Though Red-tailed Hawks hunt while in flight particularly while soaring, perches are apparently more important for hunting. It was observed here and by Fitch et al. (1946) that adequate numbers of hunting perches are apparently "the most essential feature of a territory". This is also suggested by the lack of correlation between topography and a pair•s reproductive performance.
The presence of hills favors both declivity winds and thermals (Cone 1962 ).
Perch density alone was found to be inadequate in predicting productivity. Several factors appear responsible. First, two territories with the same perch density could be quite different in suitability for hunting. A territory where the perches are poorly dis~ersed may leave large areas unavailable for perch hunting. Also more perches may be useful only up to a point even 1f they are highly dispersed. Too many perches in an area may impair hunting. Finally, ground squirrels a.re not normally associated with areas of high juniper density. Jun-ip~rs provide the vast majority of perches. Therefore, the dispersion of perches also needs to be considered.
The perch density that appears to be required assuming adequate dispersion seems surprisingly. low. This was measured. at one perch per sixteenth section, but this might be an over-estimate as lesser densities above zero were not measured. Unless the Red-tailed Hawk has an effective hunting radius of 227• from these perches which average under 10m tall, they are not hunting the entire territory from these perches.
Using the replacement rate of 1.35 young per pair per year (Henny and Wight 1970) for the Red-tailed Hawk and regression results here, roughly 83% of a territory needs adequate perches for a pair to be sustaining. The .ainimum percentage of a territory with adequate perches was 4.5%.
Other measures that failed to be of 1.Jllportance to habitat quality include surface water, wheat, and shrub density. Wheat in particular was expected to be negatively correlated with Red-tailed Hawk productivity. Annual plowing effectively eliminates prey including the Belding's ground squirrel (Turner 1972) . However, the deep-soiled areas preferred for the cultivation of wheat are also prefened by the Belding's ground squirrels. Though Belding's ground squirrels cannot exist on the plowed fields, they do exist in some abundance in the remaining deep soil around the margins of the plowed fields. Shrub density was also expected to yield a negative correlation to productivity. Cave ( 1968) and Southern ( 1970) have found that raptors prefer more open areas and that it does affect hunting. The explanation here does not appear to be so clear. Junipers, however, are positively correlated with shrub density (r • .50).
The presence of people living on a Red-tailed Hawk territory apparently disturbs the Red-tailed Hawks little. In fact, those territories with human habitations produced significantly more young. This is attributed to several factors. First, perches in the form of utility poles and poplars and certain other trees are associated with habitations. Second, houses are generally placed near water on level ground which is also the preferred habitat of the Belding's ground squirrel (Turner 1972 ). Olendorff and Stoddart ( 1974) found that raptors nesting in remote areas and on posted land produced significantly more young. This effect is presumably due to the lack of direct human disturbance, but this effect was not considered h~re.
Neither territory size nor interspecific competition was correlated with territory productivity. The size of a territory says little of its quality in a heterogeneous habitat. As a general observation, territories are larger for those p~irs that either have to com.mute some distance from the nest to an important foraging area or those pairs that have a general lack of a concentrated prey source. Because of the traditional nature of teITitories, boundaries were observed to change only subtly over the years. Only one significant boundary change was observed in the 31 pairs during the course of the sttrly, Competition in this population apparently takes the form of gaining entry into one of the territories by successfully filling an opening when it appears and not in changing terriiory size. Though population
